INTRODUCTION
Considering recent earthquakes happened during the last decade the seismic performance of reinforced concrete frames with masonry infill is a subject of great interest. Earthquakes in Chile (2010), Haiti (2010), New Zealand (2010) and Japan (2011 and 2018) can be quoted as examples providing about what is needed to be done in the future [1] .
The behaviour of frames with masonry infill in seismic actions is associated with many specifics:1) both materials (masonry infill and reinforced concrete) have different deformation characteristics ductility ratios; 2) considering earthquake loading it is observed that masonry stiffness is slowly going down showing the tendency of growing up the cracks and damages. This process is found to be with reference to earthquake duration and earthquake intensity; 3) Compliance between masonry infill walls and reinforced concrete frame is generally dependent on interface surface considered as contact zones between both materials; 4) It is the purpose of the paper to carry out a proper investigation and develop a procedure for fast evaluationof masonry infills influence on seismic demand and on overall seismic performance of the structure
The overall model of a framed masonry structure consists of two substructures -reinforced concrete frame and masonry (as diagonal element) introduced by its specific parameters using an appropriate procedure based on laboratory data. Inelastic deformation of both substructures implies that overall behaviour of framed masonry is specified as nonlinear and structure should be studied on the basis on nonlinear analysis.
In this paper an analysis has been carried out to evaluate the influence of masonry infill on the seismic performance of one day single storey plane reinforced concrete frame structure. Three models for numerical analyses are performed considering the reinforced concrete frame. At first, response spectrum method is applied to determine the design of seismic load and corresponding action effects according to the National code and European provisions. This model is denoted as model M1. After determination of design seismic loads, the design action effects are determined through linear and response spectrum analyses. After this step columns and girder of the frame are designed in conformity with European standards and European detailing rules. In the next second model M2 the contribution of masonry infill is not taken into consideration because masonry infill is not in use. This model is capable to develop inelastic deformations and should be studied based on nonlinear analysis. The third model М3 contains masonry infill and its contribution to the frame stiffness is considered using equivalent diagonal strut element (corner to corner model). To model the strut diagonal in SAP2000 v20 [2] multi-linear plastic link elements are used.
EQUIVALENT DIAGONAL COMPRESSION STRUT
Aiming to overcome the complexity of the numerical models and optimize the procedures known as much time consuming it is a good idea to use macro elements to model masonry infill. The most elementary one is the diagonal strut element which is capable of simulating the infill wall resistance to lateral seismic forces. The basic idea of using strut models is to determine the global effect of masonry infill on the global behaviour of RC frame -infill structure. Analytical and experimental studies carried out by Polyakov [3] , [4] show properly formation of compression diagonal strut. The basic problem is to identify physical properties of this element.
At first the concept is developed assuming only one diagonal strut connecting upper and lower edges of the masonry panel by following compression diagonal geometry. In order to generalize the model including cyclic behaviour strut elements are placed in each diagonal direction of masonry panel. Having in mind that tensile stress is small enough compared to compression ones it is reasonable to accept that the level of tensile stress is negligibly small and can be assumed to be zero. This means that only compression diagonal element resists to horizontal seismic force. Two varieties for diagonal struts can be used -concentric and eccentric [1] , [5] , [6] see Fig. 1 .
During the last two decades it becomes clear that the model containing the only one element is incapable to reproduce the complex seismic performance of masonry infill. A number of researchers (Chrysostomou et el. [7] , [8] , Crisafulli [9] El-Dakhkhni et al. [10] , [11] , [12] , Crisafulli and Carr [13] , Rodrigues et al. [14] , [15] , Mihaleva [6] et al.) modified firstly proposed single diagonal using few diagonals gathered in one model. As a result of this the contact zones and interface surfaces are more precisely modelled especially opening the tensile surfaces located at the edge. Thus, new complex element accounts for larger tensile released stress zone. It is capable of modelling shear strength greater than the corresponding shear strength of surrounding framing elements. It is worth to mention the conclusion that the complex element is more accurate considering the edge contact zones, and the greatest advantage of a single diagonal model is its simplicity.
A number of researchers propose various relationships to determine the equivalent width of the strut compression diagonal. According to Holmes [16] the width of the equivalent compression diagonal (bwiinf) is 33% of the diagonal length of the infill panel. Paulay and Priestley [17] recommended the equivalent strut width to be specified as 25% of the panel diagonal. They concluded that the bandwidth does not depend on the lateral stiffness of the framing system. Abdelkareem, Cathrin et el. [18] , [19] considered various approaches for determination of bwinf. The authors concluded that the strut width ranges between 1/10 to 1/3 of the geometric length of masonry panel [6] , [18] .
There are not exact provisions in Eurocode 8 [20] about the equivalent compression strut width. In FEMA-306 [21] bwinf the model of masonry infill proposed is expressed by the following quantities:
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where:
bwinf -equivalent diagonal strut; rwinf -diagonal length of infill panel; θ -angle, whose tangent is the infill height-tolength aspect ratio; hwinf -height of infill panel; twinf -thickness of infill panel and equivalent strut; Ewinf -modulus of elasticity of infill material; λ1 -function of the relative panel-to-framestiffness parameter; lccolumn height between centrelines of beams; Icmoment of inertia of column; Ecm -modulus of elasticity of frame material [22] Mainly two failure modes of masonry infill panel are dominant when structures are subjected to seismic action. First one is characterized by failure of compression diagonal (Fig. 2a) . Second failure mode is related to horizontal shear (sliding mode) of the masonry panel ( Fig. 2b) [22] . Horizontal capacity of the masonry panel is determined on the basis of horizontal resistance of masonry panel, based on horizontal capacity of the horizontal joints Fwinf,hor,sf, which is accepted to be equal to initial strength of masonry in shear assuming zero compression strength fv0d. For masonry infill with thickness twinf and length lwinf horizontal capacity of the joints is determined using expression (3). Equivalent diagonal compression capacity is determined using formula (4), as well,
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Fwinf,hor-horizontal capacity of the masonry panel fvoddesign initial strength in shear of masonry assuming zero compressive stress; fddesign strength of masonry; bwinf -equivalent diagonal strut; twinfthickness of infill panel and equivalent strut; lwinflength of infill panel; θ -angle, whose tangent is the infill height-tolength aspect ratio;
ANALYSIS OF FRAMES CONTAINING INFILL MASONRY
Single storey one bay reinforced concrete frame with brick masonry panel is studied. Cross section dimensions are given as follows: columns 400/400 mm, beam 300/400 mm and thickness of masonry infill -250 mm (see Fig. 3, Fig. 4 , Tab. 1 and Tab. 2). The frame is loaded using distributed trapezoidal load. Permanent uniformly distributed loads including all loads of this type is gk=45kN/m', service loads are assumed qk=15kN/m'.
The seismic design of the frame is carried out aiming the frame to withstand the design earthquake for seismic zone Blagoevgrad (Bulgaria), characterized by reference ground acceleration for free field agR=0,32.g, importance factor γI=1,00 и coefficient of behaviour q=2,00 (it is assumed that the forces as action effects coming from the design earthquake, are reliable). Ground type B and response spectrum of Type 1 according to the National code [20] are also used. In addition, nationally determined parameters from the Bulgarian National Annex [23] should be mentioned as important for design seismic action definition.
To reach the paper purposes three static analyses are performed. First analysis is linear, the other two analyses are nonlinear. In first nonlinear analysis masonry infill is not accounted for. In the next nonlinear analysis, the masonry infill is taken into considerations. Seismic analyses are performed using SAP2000 v20 computer software [2] . Three different numerical models are applied. Seismic action is assumed as single component (horizontal) and located within the frame plane.
Numerical model M1
The numerical model M1 is used to carry out the first step of the analysis scheduled -seismic design procedure. To do this response spectrum analysis is applied in combination with linear analysis. At this stage masonry infill is not accounted for. The output of this step is that the structure is designed and detailed according to Eurocode 1998-1 [20] , [23] to withstand the design earthquake. The reinforcement obtained as a result of the design procedure application is provided in 
Numerical model M2
In Numerical model M2 a non-linear static analysis is performed. This model fails to include masonry infill into the calculations. Analysis is carried out assuming permanent vertical loading and lateral load increasing stepwise. Columns and girder are connected using rigid rotational links in their joints. Plastic deformations are considered by implementation of plastic hinges into the numerical model M2 close to beam-to-column joints, see Fig. 3 .
Specific data for plastic hinges is prepared including the reinforcement available. Plastic hinges are modelled by using inelastic rotation spring interconnecting two neighbouring cross sections. Constitutive material relationship for rotational spring of the type "bending moment -axial force -relative rotation of the cross sections" is used. Both cross sections are interconnected with the rotational spring. The bending moment in rotational spring is dependent on the axial force more essentially in the columns, (М3-P).
Numerical model M3
To define inelastic cyclic behaviour of masonry, infill the Hysteretic Pivot model [2] (Fig. 5а.) is used. An inelastic static analysis is performed over the RC frame using the formulation M3, see Fig. 4 . The proposed equivalent strut model is employed and illustrated in Fig.  4 . Models M2 (see Fig. 3 ) and model M3 are similar and convenient to be numerically compared, but the only difference is that M3 includes the contribution of the masonry infill through the strut diagonal member. In SAP2000 v20 [2] the equivalent strut diagonal is modelled by multi-linear plastic link element. This model has large flexibility in modelling structures developing unsymmetrical hysteretic loops under the action of axial force in compression-tension. Hysteretic loops are numerically controlled through the parameters α1, α2, β1 и β2. The Hysteretic Pivot model has specific and simplified rules when applied to tensile equivalent strut members (Fig. 5b.) .
Hysteretic rules are load dependent and numerically controlled using the parameters α1, α2, β1 и β2. The use of Hysteretic Pivot model has the advantage to offer simplified rules to be applied to equivalent diagonal strut (Fig. 5b.) . In this case, since the tensile strength of masonry infill is not considered, the parameters α1 and β1 are generated both to be zero [24] . The hysteretic model specified herein has another advantagegenerates always positive stiffness. In dynamic analysis the use of negative or zero tangential stiffness may influence the stability of the numerical solution.
Experimental investigations show that for frames containing masonry infill panels the change of the sign of seismic action does not lead to increase of the stiffness. It is established that the β2 is also zero. Hysteretic loop controlled its area through the parameter α2. The value of 0.25 is taken the following reference [24] . б.
Fig. 5. Hysteretic Pivot model: а) unsymmetrical hysteretic loop and b) equivalent compressive diagonal [24].
Due to define and compose equivalent diagonal strut model, characteristics of masonry are determined in conformity with European standard Eurocode 1996-1-1 [25] , [26] and Eurocode 1998-1 [20] 
The design strength of masonry fd with blocks of category I and prescribed dimensions are given as: 2,03 1,01 2,00
The characteristic initial strength in shear of masonry assuming zero compressive stress and made of clay blocks and mortar with light additive materials is fvok=0,15MPa and the design strength is fvod=0,075MPa.
The durable secant modulus of masonry is:
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The width within the model of equivalent diagonal strut in compression is derived after using equations (1) and (2) 
The minimum shear capacity basing on both possible failure mechanisms, is: 
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The point S2 in Hysteretic Pivot model for equivalent diagonal replacing strut (Fig. 5b.) is defined when both maximum capacity of masonry panel Vm and displacement δ2 are reached. The point S1 is defined when 75% of Vm (Vy=0,75.Vm) is reached and displacement becomes δ1. PointS3 is defined when the peak of the strength drop to 20% of Vm(Vp=0,20.Vm) is reached and displacement becomes δ3.
The displacements δ1, δ2, δ3 are determined based on normal strains εi pointed out in [27] . Table 2 contains defining parameters of Hysteretic Pivot model.
ANALYSIS OF THE RESULTS ON OUTPUT
Inelastic static performance of framed masonry is presented by means of the curve "base shear forceroof horizontal displacement". Numerical models M2 and М3 are used to evaluate the contribution of masonry infill on the seismic demands for roof displacements. The results can be seen in Fig. 6 which represents in graphical format the curves "base shear forcehorizontal displacement at the top". Both curves are obtained computationally using computer software. The curves are also called "capacity curves". Capacity curves for structure without masonry infill are denoted as violet lines, whereas the same curves for structure with masonry infill are denoted with red dashed lines.
In general, the horizontal base shear force in case of added diagonal strut is formed as a sum of the frame base shear and horizontal projection of the diagonal force in compression. External loading is shown in Fig. 6 coloured in pink. The resistance force has two counterparts -first is coming from the reinforced concrete frame, second appears to be a result of added masonry infill represented in the computer model as diagonal strut. Both forces are internal forces, see Fig. 6 . Internal forces must equilibrate the external forces, see Fig. 6 . Thus, the frame resists to progressively increasing external static loads through internal resisting forces. Furthermore, internal forces depend on displacements and this relationship is as a rule implicit and nonlinear. That is why the solution of the nonlinear static problem is found using iterations. After each iteration internal forces need to be revaluated and rest between external and internal forces is getting smaller. If external and internal forces become equal, equilibrium is reached. In the descending branch of the capacity curve internal force is going down. This means that internal force is no capable of resisting to increasing external forces any further. If equilibrium cannot happen any longer, the process of failure occurs. The initial stage of loading history is characterized with the fact that the system behaves itself linearly. After the development of inelastic deformations, the capacity curve properly expressed nonlinear behaviour (Fig. 6 ). Masonry infill contributes towards reduction of displacement demand. On the other hand the capacity in lateral direction is increased. When further stages of loading history are considered, it is observed, that the masonry infill is participated more actively (Fig. 6 ), in formation of the lateral resistance. Having this in mind, the maximum shear force at the base is reached the amount of 191,50 kN as observed (point Е).
Fig. 6. Capacity curves of reinforced concrete frame (а) with (red dotted line) and without (violet line) masonry infill
After reaching point E, intensive crack initiation, capacity degradation and stiffness of the masonry are noticed. Its resistance essentially drops down. When base shear force is 133,60kN (at about 70% of shear capacity), masonry infill is incapable of resisting to horizontal loads anymore. Point M (Fig. 6 ) is intersection point for two capacity curves. At point M the masonry infill is fractured and damaged. For displacement demands greater than 0.036m both capacity curves (frame with masonry infill and frame without infill) completely fit each other. Dissipated seismic energy for frame with masonry infill is 23% greater than dissipated energy for frame without masonry infill.
In references [20] , [28] the procedure of evaluation of design seismic performance is considered and discussed. The N2-method is focused on determination of the performance point. It is found as intersection point between capacity spectrum and design demand spectrum (Fig. 7) . The comparison between calculated seismic displacement demand Sd and maximum admissible level of structural performance is a good opportunity to see whether the structure is in conformity with new generation of code provisions or not. Fig. 7 illustrates the application of N2 method [29] to find out the displacement seismic demand. The design seismic action is presented using "design demand spectrum" plotted in Sa-Sd format (accelerationdisplacement format). Spectral acceleration can physically be treated as a "force per unit mass". Thus, the spectral acceleration Sa-can be identified as external quasi-static force used to load the structure in compliance with the design seismic action. The capacity curve provides the resistance spectrum and the equality between external and internal forces means that both forces are in equilibrium. Obviously, this happen when displacement has the demand value called also "target displacement". It is evident from Fig. 7 that at intersection points P1 and P2 structural performance is ductile and collapse is not reached.
The influence of masonry infill on design seismic performance of the frame is illustrated in Fig. 6 and Fig.  7 . The evaluation is based on comparison of the position of performance point of both capacity spectra -frame with masonry infill (red dotted line) and without infill (violet line). In the first case (red dotted line) design displacement demand is 2,3 times smaller than the result of violet line, where no masonry infill is considered.
CONCLUSIONS
Nonlinear static analysis of a RC frame is performed. Two well known cases from the practice are studied -the frame with masonry infill (case 1) and the frame without masonry infill (case 2). The analysis is carried out assuming constant vertical load and horizontal load increasing stepwise. As a result, two capacity curves are presented (for case 1 and case 2). Design seismic demands are evaluated for both cases. The benefit of using masonry infill is clarified and explained.
Masonry infill on one hand increases static lateral stiffness of overall structure and resists netter to seismic loads, on the other hand base shear capacity is increased. After reaching the greatest horizontal static level of loading the process of intensive cracking is observed, stiffness degradation occurs and capacity steeper goes down. The structure has no capability to resist external horizontal loads.
Fig. 7. Determination of performance point and displacement demands for structure without masonry and with masonry
At the beginning of the loading process the linear behaviour is dominant in the performance. Initial stiffness of the frame containing masonry infill K0 is 20% greater compared to initial stiffness K0,f of the frame without masonry infill. After reaching limit value of the horizontal load starts intensive cracking and stiffness degradation. As a result of this the capacity of masonry infill in carrying horizontal loads is drastically decreased. Looking at capacity curves it can be properly seen that after ending this process contribution of masonry disappears and both curves are the same. Dissipated seismic energy of the frame is increased 23% due to masonry infill considering frame masonry. It is numerically proven in the present paper that the main benefit of using masonry infill in combination with reinforced concrete frame is the displacement seismic demand reduction and corresponding increased capacity of horizontal seismic resistance. Due to increase the dissipated seismic energy, it is necessary to improve the property of masonry, which is non-ductile material. This improvement can be achieved by reinforced masonry, using friction dampers and others.
